Natural radioactivity and radon concentration were studied in drinking water samples from Baling area, Kedah, Malaysia, using HPGe and RAD-7 detectors, respectively. 
INTRODUCTION
Measurement of naturally occurring radioactive materials in drinking water is an important subject for public health studies, which permits the estimation of public exposure to radiation by using drinking water (Salih et al. ) . Drinking water contaminated with natural radionuclides is one of the main causes of the health hazard to the population due to internal exposure of the absorbed radionuclide's decay inside the human body. Inhalation or ingestion of small amounts of radionuclides can become a serious health risk.
It is estimated in an UNSCEAR report that due to ingestion Keeping in view all these reasons, this study was conducted to obtain the levels of radon, natural radioactivity and the corresponding effective doses for the population of 
MATERIALS AND METHODS
Drinking water samples, three from each site, were collected from 17 locations in Baling, Kedah, Malaysia.
The geographic sites of sampling locations are given in Table 1 . The population of the study area uses tap and well water for drinking purpose. Before collection of drinking water samples, bottles were washed according to the IAEA standard with 15% nitric acid and with double deionized water three times. Water samples from wells were collected after purging for 10 minutes to ensure the quality of water and tap water was taken directly from the tap.
After labeling the samples with code and time, 20 ml HNO 3 was added to each sample to avoid increase of organic materials and ionic changes (Ahmad et al. ) .
Before measurement of natural radioactivity and radon concentration, all samples were analyzed for pH using a pH meter (Elico, model LI 671) . Each sample of volume 1 litre was sealed in a pre-washed Marinelli beaker for one month to achieve equilibrium and was analyzed for natural radioactivity using a high purity germanium detector shielded with 10 cm thick Pb, with an inner lining of Al, Cu, and Perspex. Each sample was counted for 36,000 sec. 
where A (Bq l À1 ) is activity concentration, c is counts per second after tripping of background and E is efficiency of the detector.
A calibrated alpha spectrometer RAD-7 was used to measure the concentration of radon in drinking water according to the method used by Ahmad et al. () . 
where Th these values are 7.4 × 10 À9 (infants), 1.4 × 10
À9
(children) and 4.3 × 10 À10 mSv y À1 (adults) (ECD ).
AEDE for radon inhalation was calculated using Equation (3):
where
) is concentration of radon in drinking water,
) is water concentration ratio in air, O (7,000 hrs y
À1
) is indoor occupancy, EF (0.4) is equilibrium factor between radon and its daughters, and D cf (9 nSv/Bqm À3 h) is dose conversion factor of radon (UNSCEAR a).
AEDE for radon ingestion was calculated using Equation (4): where R w is concentration of radon in water, 60 (l y À1 ) is estimated consumption of water and 3.5 (nSv Bq À1 ) is coefficient of effective dose for ingestion (UNSCEAR a).
According to an UNSCEAR report in 2000, the ingestion of drinking water was estimated in the UNSCEAR () report to be 100, 75, and 50 l y À1 for infants, children, and adults, respectively. Assuming the proportion of these groups in the population to be 0.05, 0.3 and 0.65, the estimated weight of consumption was determined as 60 l y À1 (UNSCEAR a). 
RESULTS AND DISCUSSION

).
As shown in Table 3 Table 3 . The AEDE from radon ranged between minimum and maximum values 4.7 ± 0.78 and 29.9 ± 2.7 μSv y
À1
with an average value of 15.2 ± 1.7 μSv y À1 for inhalation adults using Equations (2), (3), and (4) The results show that 226 Ra is the main contributor/ donor radioactive element to the annual effective dose for ingestion and infants and children are in danger compared with adults due to their intensive growth of bone. Limited data regarding natural radioactivity and radon concentration in drinking water is found in the literature and therefore further study is suggested to investigate drinking water for natural radioactivity and radon concentrations. 
